Introduction
Tissue engineering will likely become one of the key technologies to support human health in the near future. Three of the major components of tissue engineering comprise cells, signal molecules, and scaffolds 1, 2) ; of these, scaffolds have been developed for the purpose of implanting adhesive cells. However, recent developments in cell sheet technology through the use of thermo-responsive culture dishes suggests that the necessity for such scaffolds during tissue engineering may be reduced, although complex culture procedures are required to effect vascularization in these multilayer cell systems 3) . In comparison, vascular-like connected pores in scaffolds represent effective measures for the support of cell cultures used for tissue engineering implants.
Scaffolds are generally prepared from bioabsorbable polymers as they degrade during and subsequent to tissue regeneration. Among them, poly(L-lactic acid) (PLLA) exhibits good tensile strength and is used accordingly in orthopedic surgeries 4, 5) . In the early years of scaffold development, porogens such as leachable salt crystals were used to prepare porous PLLA membranes for cell transplantation 6) . The thermally induced phase separation (TIPS) method has also been used for the preparation of PLLA porous scaffolds 7 9) . PLLA porous scaffolds prepared by the TIPS method are usually uniform and contain cellular pores smaller than 30 µm. However, large cells such as human osteoblast-like cells (20 50 µm or larger) 10) are difficult to grow in these pores. Thus, the pore size on the inlet side should be larger than 100 µm to allow cells to grow in the pores and those on the opposite side should be smaller than 10 µm to retain the cells in the vent-induced phase separation (NIPS) method with the aid of surfactants 11) in a manner similar to that used for the preparation of poly(methyl methacrylate) membranes 12) . Surfactants, which exhibit hydrophiliclipophilic balance (HLB) values of 14.9 15.6, e.g. polyoxyethylene (20) sorbitan monooleate (Tween 80, HLB 15.0), enhance the diffusion of water molecules in the polymer solution leading to the formation of membranes with "open" finger-like pores ( Fig. 1(b) ). 
Preparation of PLLA membrane scaffolds
PLLA membranes were prepared via the NIPS method similar to as reported elsewhere 11) . Typically, 5.00 g PLLA was dissolved in 38.25 g 1,4-dioxane con- 
Scanning electron microscopy (SEM)
The prepared membrane scaffolds and the cells grown thereon were observed using SEM as described elsewhere 8) . Briefly, the cells grown on the membranes were fixed for 2 h with 2.5% glutaraldehyde in phosphate buffered saline (PBS). The samples were then dehydrated through a series of ethanol solutions 
Electron dispersive X-ray spectroscopy
The freeze-dried and gold-palladium sputter-coated scaffolds were analyzed using SEM with an electron dispersive X-ray spectroscopy (EDS) detector (JCM-6000-JED-2300; JEOL, Japan) at an acceleration voltage of 15 kV. The data obtained therefrom provided the elemental composition from the surface to a depth of 1 µm under the conditions recommended by the manufacturer. The osteoinduction data were tested using a one-tailed Welch's t-test with Microsoft Excel 2016 software (USA) (n 3). (Fig. 2(e) ). However, the internal porous structure did not develop (Fig. 2(b) ). Conversely, an were 10% and 20%, respectively, as expected from the phase diagram reported elsewhere 11) . Thus, the PLLA membranes with open finger-like pores and 500 µm thickness prepared from a 10% PLLA solution in 1,4-dioxane containing 15% Tween 80 were used in this study. We further note that the surface that was in contact with water in the preparation was smooth, as shown in Fig. 2(c) . We therefore expect that the internal structure of these generated membranes will retain the cells when they are inoculated on the "indented side" where the polymer solution contacts the glass plate and the finger-like pores are open (Fig. 1(c) ). (Fig. 3(a)-3(d) ). In addition, it was observed that the cells grew both on the membrane surface and inside of the pores. Fig. 4 shows the SEM images of a cross section of the mem- (Fig. 3) . The cell density increased to 5000 6000 cells/mm 2 after 14 28 days of culture at which time the culture reached stationary phase. In comparison, the maximum cell density of Saos-2 cells has been reported to be 2000 3000 cells/mm 2 on culture flasks and dishes 11, 15) . Therefore, the cells grew 2 3 times higher per unit apparent area in the PLLA membrane scaffold than in monolayer cultures.
Results and discussion

Preparation of PLLA microporous membranes with open finger-like pores
Growth of osteoblast-like cells in
Although the internal structure might be further 
Osteoinduction of Saos-2 cells in the
PLLA membrane scaffold
Human osteoblast-like cells are often used in osteoinduction experiments 16, 17) . In this study the PLLA membrane was examined by EDS although the elemental analysis was limited to the depth of 1 µm.
L-Ascorbic acid 2-phosphate, dexamethasone, andglycerophosphate were used as inducers after 14 days of culture without osteoinduction. The cell growth was comparable or slightly repressed compared to that without osteoinduction (Figs. 3 and 5 ). Fig. 6 shows the mass percentage of calcium to the total mass of calcium, carbon, nitrogen, and oxygen during the 28-day culture with and without osteoinduction. We note that Notably, cultured periosteal tissues spontaneously form cell-multilayers and are successfully osteoinduced on PLLA microporous supports prepared via TIPS method 8) . In addition to these primary tissue cultures, Ma and Zhang reported that MC3T3-E1 cells from mouse were osteoinduced in a PLLA scaffold with microtubular-architecture prepared by TIPS method 19) . Thus, PLLA scaffolds represent promising candidates for bone tissue regeneration wherein osteoprogenitor cells can be osteoinduced. Recently, stem cells banks containing cells with different human leucocyte antigen profiles have been generated for use in tissue regeneration 20, 21) . For effective tissue regeneration, such stem cells should first be properly differentiated in scaffolds prior to implantation. Our findings regarding the osteoinduction of osteoblast-like cells grown in the PLLA membrane scaffold further suggest that these scaffolds are suitable for implantation after cell differentiation.
